To investigate if a multidisciplinary weight loss programme in adolescents suffering severe obesity allows an improvement of anaerobic and aerobic aptitudes. DESIGN: In all, 55 adolescents (33 girls and 22 boys) suffering from severe obesity were enrolled in an interdisciplinary weight reduction programme lasting 6-12 months. Progressive submaximal physical activity was performed and national dietary allowances for adolescents with low levels of physical activity were provided. MEASUREMENTS: Total and regional body composition and anaerobic aptitudes (handgrip strength (HGS), vertical jump height (VJH)) and aerobic aptitudes (maximal aerobic power (MAP), maximal oxygen uptake (VO 2max )) were measured before and after weight loss. RESULTS: The mean reduction of body mass index (BMI) was similar in girls (21.475.9%) and boys (23.776.4%). Fat mass (FM) steepest drop was observed in the trunk (À63.2710.1% in boys and À51.5711.4% in girls). The total lean mass (LM) did not vary in both sexes. Right HGS and VJH increased in both sexes (Po0.05), whereas left HGS increased only in boys. MAP and VO 2max per kg BW increased (Po 0.0001) in both sexes (2.370.3 vs 1.770.3 W/kg and 32.874.5 vs 26.774.1 ml/min/kg in girls and 2.871.9 vs 1.970.4 W/kg and 39.176.3 vs 27.975.1 ml/min/kg in boys, respectively), whereas MAP and VO 2max in absolute value and per kg LM increased only in boys (P ¼ 0.04). Total LM was the strongest determinant of HGS, VJH, MAP and VO 2max in both sexes (Po0.005). CONCLUSIONS: Multidisciplinary weight reduction programme including moderate dietary restriction in combination with regular physical training induced an improvement of anaerobic and aerobic aptitudes, a marked reduction of obesity and a preservation of LM in severely obese adolescents.
Introduction
Obesity has increased over the past few decades and is the most common chronic disorder in children and adolescents in all industrialized countries. In France, the prevalence of obesity has doubled every 15 y since 1970 and reached 16% in 2000. 1 It has been extensively demonstrated that low physical activity levels is a cause and a consequence of overweight. 2 Obese children who tend to remain obese in adulthood 3 are at higher cardiovascular risk. 4 So strategies are needed to prevent and to treat childhood obesity. 2, [5] [6] [7] [8] The treatment of obese children and adolescent should aim at decreasing fat mass (FM), avoiding loss of lean mass (LM), ensuring adequate growth and development and preventing cyclic weight regain. 2, [5] [6] [7] Improving physical performance and well being is a second major aspect, since psychological disturbances and social distress tend to be early features of obesity in the young. 2, 5, 6 As such a multidisciplinary approach proves to be difficult to implement in the usual environment, inpatient units have been designed to help adolescents suffering from the most severe forms of obesity. 9, 10 Exercise or increasing physical activity is one of the cornerstones of obesity treatment along with dietary and behavioural changes. [6] [7] [8] Exercise can increase energy expenditure and create a negative energy balance. [6] [7] [8] Physical activity affects total fat oxidation and fat balance through the promotion of more favourable body composition (loss of FM, especially of visceral fat and maintenance of LM). 6, 7 Moreover, increased fat oxidation rates help maintain glycogen stores, thus influencing the regulation of food intake and energy balance. 6, 7 Dual-energy X-ray absorptiometry (DEXA) has been recently validated as an efficient tool to assess the total and regional body composition in vivo, 11 in adults 12 and in children. 13, 14 Adolescence is a key period in life for major physical aptitudes (both anaerobic and aerobic parameters) development and this is different between boys and girls. 7, 15 Increase of anaerobic and aerobic functional capacities are higher in boys than in girls, in fact there is higher amount of skeletal muscle mass in boys. 7, 15 Skeletal muscle is the site of most fat oxidation in the body and the main determinant of energy expenditure, especially at exercise. 2, 7, 15 Physical aptitude tests are performed in order to explore the functional capacities before prescribing a appropriated exercise programme and in order to monitor the effect of treatment in obesity research. 2, 7, 15 Childhood and adolescence obesity has been associated with reduced exercise capacity and poorer motor performance. 2, 7, 15 Therefore, the objective of this study is to evaluate the variations of anaerobic and aerobic aptitudes and body composition in adolescents with severe obesity in response to a multidisciplinary weight loss intervention.
Subjects and methods

Population
In all, 55 adolescents including 33 girls and 22 boys, aged 9-17 y, admitted in our unit were included. Inclusion criteria were severe primary obesity, agreement of the child and its family to participate on a voluntary basis in a weight reduction programme. Exclusion criteria were: identified genetic, metabolic or endocrine disease, obesity secondary to a brain tumour. The characteristics of the population are shown in Table 1 .
Patients were housed at the therapeutic unit, except during the weekends that were spent at home, for 973 months (range 6-12 months) where they participated on a voluntary basis in a weight reduction programme. On average, subjects lost 3-5 kg/ month before a stabilization phase that lasted about a month prior to leaving the unit. The objective was to come as close as possible to the 97th percentile of body mass index (BMI) of the national reference charts. 16 
Study protocol
Medical follow-up included initial examination and appropriate tests followed by a regular clinical surveillance by the paediatrician. Pubertal stage was assessed by means of Tanner criteria. 17 Biological controls for minerals and vitamin D status were performed every 6 weeks by means of corresponding biological tests and a complement given whenever required. The study was performed in accordance with the Declaration of Helsinki II.
Anthropometric measurements
Subjects were weighed wearing light clothing and without shoes on an electronic scale to the nearest 0.1 kg. (Teraillont). Height was measured to the nearest 0.5 cm by using a wall-mounted stadiometer. BMI was calculated as body weight (BW) divided by height (H) squared (kg/m 2 ). The waist circumference (WC) was measured to midway between the costal arch and the iliac crest, and the hip circumference (HC) was measured as maximal circumference over the buttocks at the level of the trochanters to the nearest 0.5 cm.
Dietary programme
Energy intakes were set at the levels of recommended national daily allowances (RDAs) for subjects with low levels of physical activity of the same age and sex. 18 Energy intake was in the range of 6700-7500 kJ/day (1600-1800 kcal/day) during the weight reduction phase to allow a regular weight loss rate of 0.5-1 kg/week, which is well tolerated on a longterm basis. An increase of up to 7500-9200 kJ/day (1800-2200 kcal/day) was required during the stabilization phase and was reached by increasing caloric intake by steps of 840 kJ/day (200 kcal/day) until a stable weight had been reached. A multivitamin tablet (Alivitylt) was given every day. Nutrition training was also addressed to the parents.
Body composition measurement
The total and regional body composition was assessed by DEXA Hologic QDR 1000/Wt version 5.11. (Hologic Inc., Changes in anaerobic and aerobic aptitudes and weight loss in obese adolescents HH Dao et al Waltham, Mass, USA) at the very beginning and at the end of the weight loss intervention, during the weight stabilization phase. 19 Details have been described in the corresponding article.
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Physical exercise programme The children and adolescents were provided initially three sessions per week of progressive submaximal physical activity. The initial level was chosen according to the results of the different tests performed in order to assess physical aptitudes. These tests allow to evaluate the cardiovascular parameters during physical activities and to estimate the anaerobic and aerobic aptitudes. After testing, children were provided with cardiotesters to help them exercise at the heart rate associated with 70-75% maximal oxygen consumption (VO 2max ). Activity levels and patterns were determined for each individual. The physical training session took place three times per week, lasted 90 min each and included alternatively swimming, gymnastics, walking and recreational team sports (soccer, hand ball, basket ball, etc). The progression rate, activities and resting periods within a single session were carefully monitored in order to allow aerobic work. The frequency, intensity and duration were adapted by the follow-up of the levels of the occurrence of local and general overtraining signs (muscular pain, mood troubles, etc). Information about lifestyle changes related to activity was also provided and spontaneous activity (stair climbing, walking, etc) was encouraged.
Physical aptitude measurements
All physical aptitudes tests were performed by the same investigator at the very beginning (within 2 weeks after admission) and during the stabilization phase at the reference laboratory of sports physiology and medicine at Pitié-Salpêtrière University Hospital. Prior to the measurements, the subjects were instructed about the protocol and carefully familiarized with the experimental apparatus, particularly breathing through the mouthpiece and cycling on the cycloergometer.
Anaerobic aptitudes measurements
Handgrip strength (HGS) is commonly used as a screening test in clinical practice to quantify voluntary muscle strength of upper limbs. 21 HGS of right and left hands was measured using a handgrip dynamometer s (Taikei Physical Fitness Test, Japan). The tests were repeated five trials with a 60 s rest between trials. Each trial was performed according to the standard position. 2, 22 In brief, subjects stood upright with shoulders adducted and neutrally rotated, elbow flexed at 901, forearm in neutral position and wrist in slight extension (0-301). During each trial, the arm and hand remained free from hitting an external object or other parts of the body. No extraneous body movement was allowed during the test. The highest value (in kgf) was used for analysis.
Vertical jump height (VJH) is commonly used as the basic functional expression of explosive muscle strength. 23 VHJ was evaluated by the modified Sargent's test, using Jump Meter s (Taikei Physical Fitness Test, Japan) for the two legs and thereafter for each leg. The test consisted of performing a maximal vertical jump with a counter movement jump. The subjects started from an upright standing position and were allowed to bend their knees as quickly as possible before starting to push upwards. Five jumps were performed alternatively for each leg to eliminate the warm-up effect. A 30 s rest was imposed between each jump to respect the energy recovery process. The highest value (in cm) of each was used for analysis. VJH is expressed only in cm, because the relationship between VJH, maximal anaerobic power and BW is still discussed, and no consensus has been actually reached.
Aerobic aptitudes measurements
The maximal aerobic power (MAP) and VO 2max were assessed during cycling on a mechanical braked cycle ergometer Monark s 824 (Sweden). The cycle was calibrated and the seat height was adjusted to the proper leg length of the subject before each test. The subject was asked to cycle regularly at a pedal of 60 cycles/min and then up to 70, 80, 90 cycles/min and a final sprint to exhaustion. Starting from 30 W, the workload was increased by 30 W in steps of 2 min duration each, until maximum individual workload was attained. VO 2 and VCO 2 were measured by a standard open circuit method (Oxycon Champion s , Jaeger, Mijnhardt, Netherlands). To ensure that the subject had achieved VO 2max , we verified that the level was maintained during 30 s or more and that at least one of the following criteria was met: (1) an oxygen plateau (ie o2 ml/min/kg BW increase in VO 2 with increasing work rate), (2) a respiratory exchange ratio 41.0 or (3) heart rate 4200 b.p.m. 15, 24 We considered that as VO 2max . The exercise heart rate was measured with a heart rate monitor (Polar s , Finland) consisting of an electrode-belt transmitter and microcomputer receiver. Oxygen pulse at VO 2max (ml/b.p.m.), which is the quantity of O 2 transported and used at each cardiac cycle, was calculated from the individual VO 2max , in ml/min, related to maximal heart rate (HR max ) (b.p.m.). MAP was estimated by the method of Astrand and Ryhming. 24 In brief, all corresponding values of workload and heart rate were then plotted on a correlation graph. MAP was the extrapolated value corresponding to HR max from this linear correlation graph. In our study, four girls and two boys did not perform until the exhaustion level of the stress test because of difficulty in cycling correctly.
Statistical analysis
All data were analysed by means of Statview s package (Abacus concepts, Inc., Berkeley, CA, USA) with significance set at Po0.05 and expressed as mean7s.d.
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One-way analysis of variances was used to analyse the differences between the gender and stage of Tanner for anthropometric, body composition and physical aptitudes variables. Comparison between measures before and after treatment was carried out using paired t-tests. Simple and multiple regression analysis was used to examine the relationships between body composition and physical aptitudes variables.
Results
Population
The mean age was similar (P ¼ 0.92) in boys (13.971.7 y) and girls (13.671.6 y). In all, 40 (73%) of the subjects were of Caucasian origin and 15 (27%) from Black Africa. At baseline, 22/55 subjects had not achieved puberty and 33/ 55 had reached its last stages (stages 4 and 5 of Tanner classification). During the study course, all subjects at early stages evolved to the next steps as expected, so that 45 (82%) had reached stages 4 and 5 at the end of the study.
Anthropometric characteristics
The results are shown in Table 1 . BMI was higher in girls than in boys both before weight loss (P ¼ 0.034) and after BW loss (P ¼ 0.0036). BW, BMI, WC, HC steeply decreased (Po0.0001) in both sexes. The mean height increase was higher in boys than in girls (P ¼ 0.005). WHR decreased significantly in girls (Po0.05) and marginally in boys (P ¼ 0.07).
Body composition
The results of the total and regional body composition data before and after weight loss are shown in Table 2 . Detailed results have been reported elsewhere. 20 In brief, the mean reduction of total FM was similar in girls (À18.976.7 kg) and in boys (À19.075.4 kg). FM's steepest drops were observed in the trunk (À51.5711.4% in girls and À63.2710.1% in boys). Total LM increased with pubertal stages in both sexes before and after weight loss. Total LM tended to be higher in boys than in girls before (P ¼ 0.06) and became significant after weight loss (P ¼ 0.04).
Anaerobic aptitudes
The reproducibility of the HGS and VJH test in our study is characterized by a high correlation (r ¼ 0.92-0.96) between test and retest values. The results of anaerobic aptitudes measures before and after weight loss are shown in Table 3 .
Handgrip strength. Right HGS tended to be higher in boys than in girls before (P ¼ 0.06) and after weight loss (P ¼ 0.06). Left HGS tended to be higher in boys than in girls before (P ¼ 0.06) and became significantly higher after weight loss (P ¼ 0.0007). Right HGS was higher than left HGS in both sexes either before or after weight loss (Po0.01). Right HGS increased in both sexes (11.3716.8% in girls and 11.1719.2% in boys, Po0.01), whereas left HGS increased only in boys (15.8723.1%, P ¼ 0.006).
HGS increased with age and pubertal development, respectively, in both sexes before (r ¼ 0.41-0.68, Po0.05 and F ¼ 5.7-8.9, Po 0.03) and after weight loss (r ¼ 0.52À0.74, Po0.02 and F ¼ 14.1-27.2, Po0.001).
Correlations between HSG and anthropometry and body composition measurements. Right and left HGS was significantly correlated (Po0.004) with corresponding arm LM before and after weight loss in both sexes. These correlations Changes in anaerobic and aerobic aptitudes and weight loss in obese adolescents HH Dao et al for right HGS are shown in Figure 1 . However, a steeper slope was found in boys than in girls before (9.6 vs 5.12, t ¼ 2.1, P ¼ 0.047) and after weight loss (10.0 vs 5.26, t ¼ 2.4, P ¼ 0.034). Regression equations between right HGS and right arm LM were the following:
At baseline: HGS (kgf) ¼ 11.78 þ 5.12 Â LM (kg) (in girls) and HGS (kgf) ¼ 5.43 þ 9.60 Â LM (kg) (in boys).
After weight loss: HGS (kgf) ¼ 14.74 þ 5.26 Â LM (kg) (in girls) and HGS (kgf) ¼ 6.84 þ 10.0 Â LM (kg) (in boys).
So, a 3 kg of arm LM corresponded to 27.1 kgf of HGS in girls and 34.2 kgf in boys at baseline. After weight loss, they corresponded to 30.5 kgf in girls and 36.8 kgf in boys, respectively. Similar findings were found for the left HGS. At baseline, HGS was also correlated with BW, height and total LM in both sexes. After weight loss, similar findings were found. Changes in HGS were not correlated with any changes of anthropometry and body composition measurements. Age, change of pubertal stages and ethnicity did not have any significant effect on the change in HGS during weight loss in both sexes in our population (not shown).
Vertical jump height. At baseline, VJH were significantly higher in boys than in girls for two legs (P ¼ 0.047) and for the right leg (P ¼ 0.049), and marginally for the left leg (P ¼ 0.09). After weight loss, only VJH for two legs remained significantly higher in boys than in girls (P ¼ 0.03). VJH was not different between the right and left leg (P40.1), whereas VJH for two legs was higher than that of each leg in both sexes before and after weight loss (Po0.001).
VJH Correlations between VJH of two legs and anthropometry and body composition measurements. At baseline, VJH was correlated (Po0.05) with height, BW, total LM and legs LM in both sexes and negatively correlated with FM. After weight loss, similar findings were found.
Multiple regression analysis of the influence of anthropometry and body composition on change in two legs VJH showed that the decrease in total FM was the main determinant of the increase in VJH in boys and girls (not shown).
Aerobic aptitudes
The results of aerobic aptitudes variables before and after weight loss intervention are shown in Table 4 .
As described above, four girls and two boys did not perform until the exhaustion level of the stress test. Therefore, we reported here the results of only 29 girls and 20 boys. HR max was similar in boys and girls before and after weight loss (Po0.5). It decreased significantly in girls (À4.676.3 b.p.m., Po0.001) and tended to decrease in boys (À3.779.2 b.p.m., P ¼ 0.08) after weight loss. HR max was not related to age and pubertal stages before and after weight loss. Oxygen pulses were similar in boys and girls before weight loss and increased significantly after weight loss only in boys (P ¼ 0.005).
MAP and VO 2max increased with age and pubertal development, respectively, in both sexes before (r ¼ 0.44-0.54, Po0.05 and F ¼ 5.6-8.6, Po0.029) and after weight loss (r ¼ 0.57-0.65, Po0.011 and F ¼ 15.5À24.9, Po0.0009).
Correlations between MAP, VO 2max and anthropometry and body composition measurements. MAP was significantly correlated with total LM in girls and boys, respectively, before weight loss (r ¼ 0.53, P ¼ 0.003 and r ¼ 0.63, P ¼ 0.003) and after weight loss (r ¼ 0.72, Po0.0001 and r ¼ 0.88, Po0.0001). Slopes were similar in boys and in girls before (2.65 vs 2.02, t ¼ 0.9, P ¼ 0.75) and after weight loss (4.49 vs 3.17, t ¼ 1.3, P ¼ 0.46).
Correlations between VO 2max and total LM before and after weight loss are shown in Figure 2 . Slopes were similar in boys and in girls before (0.31 vs 0.03, t ¼ 0.67, P ¼ 0.78) and after weight loss (0.06 vs 0.05, t ¼ 0.12, P ¼ 0.93). At baseline, VO 2max was also correlated with BW, height and legs' LM in both sexes before and after weight loss. VO 2max was negatively correlated with percent fat only in boys after weight loss (r ¼ À0.49, P ¼ 0.028). When multiple regression analysis was performed, total LM and legs' LM were the strongest determinants of VO 2max (Table 5) . After weight loss, similar findings were found.
The change in VO 2max tended to correlate (P ¼ 0.06) with the change in total LM in both sexes (r ¼ 0.37 in girls and 0.43 in boys). The change in VO 2max appeared to be linked to pubertal development (w 2 ¼ 5.4, P ¼ 0.048). Age and ethnicity did not have any significant effect on the change in MAP and VO 2max in our population.
Discussion
The important finding of this study is that our lasting multidisciplinary weight loss programme is able to improve the anaerobic and aerobic parameters, to decrease a major obesity level and to preserve LM in severely obese adolescents.
Discussion of results of anthropometry and body composition have been reported elsewhere. 20 In brief, mean reduction in BW, BMI and total FM are among the highest reported in obese children and adolescents. 5, 6, [25] [26] [27] Total LM was maintained in both sexes. Inpatient conditions also enhance the results since it allow to support the patient in various fields in a simultaneous manner. Changes in anaerobic and aerobic aptitudes and weight loss in obese adolescents HH Dao et al
Anaerobic aptitudes
Handgrip strength. HGS of our subjects was similar to that reported in nonobese children and adolescents using the same model of the dynamometer 21, [28] [29] [30] and was higher than that reported in a group of obese adolescent boys. 26 Previous studies show that HGS in obese adults was similar 31, 32 or higher 23 than lean counterparts. HGS increases with age and pubertal development and is generally higher in boys than in girls and reported in nonobese children and adolescents. 21, 25, [29] [30] [31] Growth and increase of muscle mass are the main determinants of HGS in boys and girls. 21, 25, [29] [30] [31] In our study, HGS was higher in boys than girls with similar mean age even when HGS was normalized for corresponding arm LM or for total LM. The mechanism of this phenomenon is still unclear and might include the differences in hormonal profiles, characteristics of muscle, recruitments of the motor unit and motivation during exercise test between boys and girls. 15, 30 Right HGS was higher than left HGS, as in nonobese children and adolescents. 25, 29 This finding may be explained by the fact that most of our subjects were righthanded (73%) and LM in the right arm was higher than the left arm in both sexes (data not shown). HGS increased in both sexes for the right hand and for the left hand only in boys; this is in agreement with the results of previous studies performed in obese adults 23 and adolescents. 27 HGS was correlated with corresponding upper limbs' LM before and after weight loss. LM in the upper limbs tended to decrease, indicating that upper limbs were not a weight-bearing region and were less exercised than lower limbs. The improvements in HGS therefore could be explained by changes in the neural mechanism and/or the quality of the muscle contractile properties. 33, 34 This observation led us to introduce an increased training of the upper body musculature. Strength or resistance training has been reported to preserve LM in obese adults 33, 35 and children during weight loss intervention. [36] [37] [38] However, no site-specific approach had been previously detailed in our knowledge; this finding requires further examination.
Vertical jump height. VJHs in our study were lower than those reported in nonobese children and adolescents 24 ; this is in agreement with the previous studies in obese adolescents 27 and adults, 39 and well explained by the discrepancy between the small difference in lower limb muscle masses between normal and obese adolescents on the one hand and the major overload to be brought up by the obese subjects on the other. VJH increased with age and pubertal development in both sexes and were generally higher in boys than in girls. Like for HGS, height and total LM were the main determinants of VJH in both sexes, as in nonobese children and adolescents. 31 The extra weight carried by the obese might serve as a favourable training stimulus to muscle strength of the lower part of the body. 40, 41 Muscle strength of lower limbs in obese adolescents is similar to that reported in their lean counterparts. 42, 43 However, in motor tasks that require lifting or support of one's body weight, equilibrium, motor coordination and velocity of the different body segments, like vertical jumping tests, excess fat is probably the most important handicapping influence for the obese individuals. 39, 44 VJH increased in both sexes after weight loss; this is in agreement with the results of a previous study in obese adolescents. 27 Multiple regression analysis shows that the decrease in FM is the only determinant of the increase in VJH: the more they lost BW and FM the more they gained VJH. The amount of FM lost can be considered as a lost additional load. However, no consensus actually exists neither on how to correct VJH in order to take into account the changes of BW nor on what could be the precise relationship between VJH, anaerobic power and BW on the force-power curve. So, it would be interesting to evaluate the real variation of strength of legs using an additional load equal to the weight lost. A direct measurement of quadriceps strength could also be of interest in order to study the effects of changes in LM and FM.
Aerobic aptitudes MAP and VO 2max of our subjects in absolute value and per kg LM were similar to those reported using the same cycle ergometer test in healthy children and adolescents, but lower per kg BW for VO 2max . 15 These results are consistent with the results of previous studies in obese prepubertal children 45 and adolescents. 15 MAP and VO 2max increased with age and pubertal development in both sexes in our population, as observed in nonobese children and adolescents.
15,25
VO 2max per kg BW increased significantly in both sexes, whereas MAP and VO 2max in absolute value and per kg LM increased only in boys. Increase in MAP and VO 2max in our study is linked to pubertal development and is one of the highest value of aerobic variables reported in obese children and adolescents. 5, 6, 15, 27, 46 Previous studies in obese children or adolescents showed that VO 2max in absolute value increased significantly after a 1-y home-based physical training programme 46 and tended to increase after a 20-week dietary combined with a physical training programme. 47 Another study reported an insignificant increase in VO 2max per kg BW (2.2%) after a 20-week dietary combined with a physical training programme in a group of obese adolescents. 48 An increase in VO 2max may not occur if training intensity, duration and/or frequency are not adequate. 8, 15, 25 MAP and VO 2max in absolute value and per kg BW were similar between boys and girls at baseline and they became significantly higher in boys than in girls after weight loss. Growth and maturation puberty stages induce a higher increase in muscle mass in boys, which may explain these results. 15, 25 Significant BW loss (8.1 kg) by a 10-week multidisciplinary weight loss programme in obese children and adolescents showed a significant increase only for VO 2max per kg BW. 49 A very low calorie diet with perhaps an LM Changes in anaerobic and aerobic aptitudes and weight loss in obese adolescents HH Dao et al decrease, should therefore not be suggested and used selectively under strict medical control. 2, 5, 6 Multiple regression analysis showed that VO 2max was well correlated with total LM and legs' LM before and after weight loss, and not with FM in our or other studies. 15, 50 VO 2max related to BW is generally accepted as the best indicator of physiological fitness when looking at endurance or aerobic performance. 15, 45, 50 However, when the VO 2max is related to BW, obese subjects will produce a lower value, although they could perform equal or more power than their nonobese counterparts. On the other hand, weight reduction can increase VO 2max per kg BW without real variation in physical aptitudes. 15, 45, 50 Therefore, VO 2max should be related to LM, especially the lower limbs muscle mass for bicycling, which is one of the most important factors of VO 2max increase at exercise. 15, 45, 50 Maximal heart rate (HR max ). In the present study, HR max was similar between boys and girls both before and after weight loss; it decreased in girls after weight loss. This finding is consistent with previous studies on obese children and adolescents. 15, 47, 48 Physical training's effect of decreasing HR max is known and this may be explained as being altered because of cardiac autonomic function. 15 In a healthy population, HR max is higher in children than in adults and it decreases by 0.7-0.8 b.p.m./y in both sexes; 15 which is clearly lower than the HR max decrease observed in our study. So this decrease of HR max in our population might be explained as a result of both physiologic evolution and adequate physical training's effect on HR max . Correspondingly, the increases of oxygen pulses are higher in boys than in girls (P ¼ 0.029), since VO 2max is higher (Po0.05) and HR max nearly the same. The O 2 pulse reflects some expended cardiac efficiency (left ventricular performance) and shows a slight increase when exercise aerobic training programmes are used. This should be verified in this population using other methods of evaluation.
In conclusion, the programme used in this study results in an improvement of the anaerobic and aerobic parameters, a marked reduction in obesity level and a preservation of LM. Additional favourable effect on both physical aptitudes and body composition is observed in boys. Randomized and controlled clinical trials are needed to confirm these results and to verify whether these effects could remain for a long term. Further research concerning the long-term basis impact of such an approach is also warranted.
